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regulatory pathways in vascular rejection 
might indicate development of host 
immunoregulatory responses to the 
ongoing immune-mediated tissue injury. 
Although the findings of the current 
study are preliminary, they are important 
and are likely to stimulate additional 
investigation into therapies that modu-
late the PD-1 pathway in renal transplan-
tation and renal autoimmune disorders. 
 Some cautionary points are worth 
mentioning. First, as with other immune 
regulatory pathways, there is likely to be 
redundancy and context-dependent 
variability to the negative regulatory 
eff ect of PD-1. Second, microbes and 
cancer are known to exploit the PD-1 
pathway to evade the host immune sys-
tem. Th us, prolonged induction of the 
PD-1 pathway or use of PD-L1 agonistic 
ligands may unintentionally increase 
the risk of chronic viral infections 9 and 
cancer. 10 Careful titration of the activa-
tion state of the PD-1 pathway may be 
important to achieve a state of immuno-
logic finesse — tolerance without an 
increase in the risk of infections and 
cancer. With advances in immune 
monitoring, however, the future of 
therapeutic approaches to modulate 
alloimmune responses and achieve 
tolerance is exciting. 
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 The quest for the elusive 
causative SNP 
 Abee L.  Boyles 1 
 El Kares  et al. present evidence that fetal genetic variation in the 3  end 
of  ALDH1A2 may influence nephrogenesis and blood retinoic acid levels. 
This may be correct, but only replication of this association, ideally 
accounting for both the fetal and the maternal genotypes, will provide a 
better understanding of the biology that underlies the association. 
 Kidney International (2010)  78, 9 – 10.  doi: 10.1038/ki.2010.96 
 In this issue of  Kidney International , 
El Kares  et al. 1 report that fetal carriers 
of a single-nucleotide polymorphism 
(SNP) in the gene  ALDH1A2 (rs7169289) 
had bigger kidneys at birth (22 % larger 
volume, adjusted for body size), as well 
as increased retinoic acid in cord blood. 
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 Figure 1  |  An allograft model depicting PD-L1 expressed on activated renal tubular epithelial 
cells and dendritic cells and its interaction with PD-1 expressed on allogenic T cells . The renal 
tubular epithelial PD-1 pathway may promote tolerance by inhibiting alloreactive T-cell response 
and by inducing and sustaining FOXP3   +   regulatory T cells. DC, dendritic cell; PD-1, programmed 
death-1; PD-L1, ligand for PD-1. 
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Th is could represent an important fi nd-
ing if this genetic variant protects the 
fetus from impaired kidney development 
 in utero , particularly if the mother has 
a vitamin A defi ciency. However, this work 
provides only one piece of the puzzle in the 
search for causative genetic variants. 
 While one SNP in  ALDH1A2 was asso-
ciated with the two outcomes, 18 other 
SNPs in this gene were also genotyped. 
Furthermore, the authors considered 28 
SNPs in two other retinoic acid metabo-
lism genes ( CYP26A1 and  CYP26B1 ). One 
would expect two of the 47 SNPs to gener-
ate a  P value less than 0.05 by chance 
alone. But the same SNP was associated 
with two diff erent outcomes. Does that 
strengthen the inference? 
 Perhaps the deck was already stacked 
for such a fi nding. Imagine you are look-
ing for a weather-predicting coin. You 
have 47 coins (representing the SNPs) 
that you flip at midnight on 113 days 
(representing the subjects). Your aim is to 
see whether heads in one of the coins is 
associated with cloudy skies at 10  AM 
and rain in the next 24 hours. Just your 
luck, one of the coins is associated with 
both outcomes. However, the positive 
correlation between clouds and precipita-
tion tilts the odds in favor of such a fi nd-
ing — just as an association between 
retinoic acid and nephrogenesis may 
create dependency between the genetic 
association results. 
 In their discussion of the finding, 
El Kares  et al. 1 make a strong case for 
rs7169289 being a causative SNP for 
nephrogenesis: the SNP was associated 
with kidney volume in both of the 
RET 1476 subgroups, it is in a 3  Sp1 bind-
ing site, and the gene is important in 
retinoic acid metabolism. However, sim-
ilar arguments could be made for the 
other 46 SNPs tested — that is why those 
SNPs were selected to begin with. Th e 
associated SNP could also be in linkage 
disequilibrium with one or more truly 
causative SNPs. 
 A stringent correction for multiple test-
ing (such as a Bonferroni correction) 
requires that various associations being 
tested are independent. Th is may be true 
for genome-wide association studies that 
include thousands of SNPs not preselected 
for a particular function. However, when 
variants in  ‘ biologically plausible ’ genes are 
being examined, the usual Bonferroni cor-
rection is too conservative. Chapman and 
Whittaker have compared several proposed 
methods for examining multiple SNPs in a 
gene or region that maximize power while 
accounting for multiple testing. 2 Even with 
such methods, an individual researcher is 
facing an uphill battle when the number 
of SNPs is large and the sample size is 
relatively small. Replication is the best 
way to strengthen the causative interpre-
tation of such results, and El Kares  et al. 1 
have included the full results for all of 
their SNPs in supplemental tables to aid 
future researchers. 
 Another limitation is that fetal genetic 
polymorphisms are not the only determi-
nants of kidney development. Th e uterine 
environment is infl uenced not just by mater-
nal environmental exposures (including 
dietary intake), but also by the mother ’ s 
genetic variations. Unfortunately, separating 
the influence of the maternal and fetal 
genomes is diffi  cult, as mother and child 
share 50 % of their genes. Mother and child 
polymorphisms have usually been studied 
separately, but there are available methods 
for joint analysis in a case-control setting. 3,4 
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 Key mediators of cellular adaptation 
to hypoxia are hypoxia-inducible factors 
(HIFs), basic helix-loop-helix  transcription 
factors that consist of an oxygen-sensitive 
  -subunit and a constitutively expressed 
  -subunit, also known as the aryl hydro-
carbon receptor nuclear translocator 
(ARNT). HIFs regulate energy metabo-
lism, angiogenesis, erythropoiesis, cellular 
diff erentiation, extracellular matrix turn-
over, and other biological processes, 
primarily by transactivation of oxygen-
sensitive genes following binding to spe-
cifi c regulatory DNA sequences, so-called 
hypoxia-response elements. Increased 
HIF expression has been found in animal 
models of chronic kidney  disease (CKD) 
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 The sweet side of HIF 
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 Hypoxia-inducible factors (HIFs) are oxygen-sensitive transcription 
factors that mediate cellular adaptation to hypoxia. Depending on the 
type of injury, activation of HIF signaling in renal cells may be 
renoprotective or promote fibrosis. Isoe and colleagues demonstrate 
that hyperglycemia activates HIF-1 in mesangial cells via carbohydrate 
response element binding protein (ChREBP), thus providing a novel link 
between alterations in systemic glucose homeostasis and HIF-regulated 
gene expression. 
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